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Abstract
Background: Preserving the hip joint to delay arthroplasty for patients with acetabular dysplasia-associated early-stage
osteoarthritis has become more common, and several surgical procedures have demonstrated pain relief and
improved hip joint function. Periacetabular osteotomy, one of the joint-preserving surgical procedures of the hip,
provides favorable outcomes, although there are no reports of total hip arthroplasty being used to treat
pseudoarthrosis of the periacetabular osteotomy segment. Therefore, we report a case of pseudoarthrosis in the
osteotomy segment after periacetabular osteotomy. The patient was treated using modified total hip arthroplasty and
achieved a favorable short-term outcome.
Case presentation: A 62-year-old Japanese woman was diagnosed with bilateral acetabular dysplasia at the age of 50
years, and underwent right and left periacetabular osteotomy at the ages of 52 and 55 years, respectively. When she
was 61-years old, she experienced repeated episodes of left coxalgia during walking, with increasing pain at rest, and
subsequently visited our department. Plain radiography and computed tomography of her left hip joint confirmed
pseudoarthrosis of the periacetabular osteotomy segment. In addition, narrowing of her left hip joint space was
observed, which indicated advanced osteoarthritis of the hip. Therefore, she underwent left total hip arthroplasty when
she was 62-years old. During the surgery, fibrous fusion of the periacetabular osteotomy segment was confirmed via
fluoroscopy, although no abnormal mobility was observed. Thus, the osteotomy segment was fixed with one
absorbable screw and two bone pegs (which were prepared using allogeneic bone), and the acetabular cup was fixed
using cement. Her postoperative course was generally favorable and bone fusion of the periacetabular osteotomy
segment was confirmed at 3 years and 6 months after surgery. Her modified Harris hip score was 43 before the surgery
and had improved to 90 at the final follow-up.
Conclusions: Modified total hip arthroplasty was successfully used to treat osteoarthritis of the hip and pseudoarthrosis
of the periacetabular osteotomy segment. This procedure achieved pseudoarthrosis region bone fusion and a favorable
postoperative outcome.
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Background
During developmental dysplasia of the hip (DDH), the acetabular side exhibits a sharp and shallow articular surface, while the femoral side exhibits bone morphological
abnormalities, such as coxa valga and excessive femoral
neck anteversion. Unfortunately, acetabular dysplasia can
cause the acetabulum to provide poor coverage of the
anterior to the upper regions of the femoral head, which
allows osteoarthritis of the hip to progress for an extended
period. Thus, joint-preserving surgery, such as periacetabular osteotomy (PAO), should be considered for young
patients with acetabular dysplasia-associated pre-stage
and early-stage osteoarthritis of the hip.
Among young patients with pre-advanced stage DDH,
many reports have described favorable postoperative and
long-term outcomes after PAO [1]. However, the
outcomes in middle-aged and older patients (>50 years
old) after joint-preserving surgery are poor in some
cases. In these cases, the selection of a surgical method
is controversial, because of the recently improved
survival rate after total hip arthroplasty (THA) [2–5]. In
the present case, we encountered a patient who had developed pseudoarthrosis in her osteotomy segment after
PAO, and we successfully treated her via modified THA.
Case presentation
A 62-year-old Japanese woman (height 149 cm, body
weight 72 kg, body mass index 32.4 kg/m2) had received
plaster treatment for DDH at birth, and observation of
her clinical course without treatment was performed
throughout her infancy and while she attended school.
However, non-induced bilateral coxalgia appeared during walking at the approximate age of 45 years, and she
visited a physician when she was 50-years old. She was
diagnosed with bilateral acetabular dysplasia, underwent
right PAO when she was 52-years old, and then underwent left PAO when she was 55-years old (at another
hospital). However, pseudoarthrosis of her left PAO
segment was diagnosed at 1 year after surgery, although
only observation of her clinical course was performed
because she did not experience any pain.
When she was 61-years old, left coxalgia during walking
reappeared, as well as increasing pain at rest, and she
visited our department. Plain radiography and computed
tomography (CT) of her left hip joint confirmed pseudoarthrosis of the PAO segment. In addition, narrowing of her
left hip joint space was observed, indicating advanced
osteoarthritis of her hip, and she was admitted to undergo
left THA during May 2010.
Status at the first examination

Claudication and Trendelenburg’s sign were observed
during single crutch walking. There was no leg length
discrepancy, although the preoperative range of motion
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of her left hip joint was 90° flexion, 0° extension, 10°
abduction, 10° adduction, 20° external rotation, and 10°
internal rotation. Radiography of her bilateral hip joints
revealed no narrowing in her right hip joint, although
joint space narrowing and pseudoarthrosis of the PAO
segment were observed in her left hip joint (Fig. 1a). CT
and magnetic resonance imaging (MRI) did not reveal
bone fusion of the left PAO segment; however, osteonecrosis or bony cystic lesion of the PAO mobile bone
segment was not observed in the MRI (Fig. 1b, c).
Surgical findings

During May 2010, a left THA was performed via the
Hardinge approach, with the patient in a supine
position, using the C-Prominent cemented THA system
(Nakashima Medical Co. Ltd.). After exposing the region
around her hip joint, fibrous fusion of the PAO segment
was confirmed via fluoroscopy, although no abnormal
mobility was observed (Fig. 2a). Thus, the osteotomy
segment was fixed using one absorbable screw, although
we did not perform dissection to prevent hemorrhage
(Fig. 2b). Acetabular reaming was applied 3 cm above
the original acetabular level in order to achieve sufficient
cup stability with host bones (Fig. 2c), and the residual

Fig. 1 Imaging findings from the first examination. a Plain radiography
of the bilateral hip joints reveals no joint space narrowing in the right
hip joint. However, joint space narrowing and pseudoarthrosis of the
periacetabular osteotomy segment is visible in the left hip joint.
b Computed tomography of the bilateral hip joints reveals no bone
fusion at the left segment. c Magnetic resonance imaging of the
bilateral hip joints reveals pseudoarthrosis at the periacetabular
osteotomy mobile bone segment of the left hip joint, with synovial
fluid retention. However, no distal segment necrosis is visible
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(Fig. 3). The patient’s modified Harris hip score was 43
before the surgery, and had improved to 90 at the final
follow-up.

Fig. 2 Surgical findings (acetabular side). a The periacetabular
osteotomy segment had not achieved osseous fusion. Only fibrous
fusion is visible, which raised concerns regarding intraoperative
exacerbation of the osteotomy segment’s instability and poor initial
fixation of the acetabular cup. b As fibrous fusion of the pseudoarthrosis
region is visible, and as dissection can increase surgical stress, the
periacetabular mobile bone segment was fixed with one absorbable
screw. c To provide favorable cup fixation, drilling was used to expose
the native bone and the cup was placed. Acetabular reaming was
applied slightly above the original acetabular level, and the
pseudoarthrosis region was stabilized using fixation and an absorbable
screw. d To provide bone fusion at the pseudoarthrosis region, two
bone pegs were prepared with autologous and allogeneic bone, and
were subsequently transplanted

mobile bone segment was fixed using two bone pegs that
were prepared using allogeneic bone and the excised
femoral head (Fig. 2d). However, it was unclear whether
favorable bone ingrowth fixation could be achieved via
cementless fixation, because the quality of the PAO mobile bone segment was unclear. Thus, the cup was fixed
using cement. The operative time was 3 hours and 31 minutes, and the intraoperative blood loss was 694 mL. Postoperative plain radiography of her bilateral hip joints
revealed that the inclination angle of her acetabular cup
was 46°, that the cup-center-edge (CE) angle was 27°, that
the femoral stem was inserted at the neutral position, and
that the alignment of the acetabular cup and stem was
favorable.

Discussion
We encountered a patient who underwent right PAO at
the age of 52 years and left PAO at 55 years; she subsequently developed pseudoarthrosis of the left PAO
segment and was successfully treated via modified THA.
To the best of our knowledge, there is only one reported
case of pseudoarthrosis after iliac osteotomy in a patient
who was treated via triple pelvic osteotomy [6], and no
reports have described treatment for pseudoarthrosis of
the PAO segment via modified THA.
Patients who undergo PAO before they are 50-years
old may experience favorable joint remodeling and
clinical outcomes for >10 years after surgery if suitable
conditions exist (for example, articular congruence).
However, patients who are ≥50-years old have a poor
prognosis after bilateral PAO [2–5]. In the present case,
our patient was >50 years old, obese and had bilateral
osteoarthritis, which are all risk factors for a poor outcome after PAO. However, the present case is unusual,
as no previous cases have exhibited advanced and aggravated arthrosis with pseudoarthrosis of the iliac osteotomy segment. We hypothesize that her pseudoarthrosis
may have been caused by obesity and bilateral PAO.
Therefore, we suggest that bilateral PAO should be carefully selected in patients who are obese.
Although the reported outcomes for THA after PAO are
favorable [7, 8], this procedure is generally more difficult
than primary THA. This difficulty is probably related to
various issues that may develop in the hip joint after PAO,
which include acetabular osteosclerosis, anterior spur

Postoperative course

The use of a wheelchair was permitted after drain
removal at 2 days after surgery, and partial and full
weight bearing was permitted at 3 and 6 weeks after
surgery, respectively. The postoperative course was generally favorable, and bone fusion of the PAO segment
was complete at 3 years and 6 months after surgery

Fig. 3 Plain radiography of the bilateral hip joints at 3 years and 6
months after surgery. Bone fusion of the periacetabular osteotomy
pseudoarthrosis region is complete at 3 years and 6 months after the
surgery. No loosening of the acetabular cup or stem was observed at
4.5 years after surgery
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formation, acetabular inner and posterior wall bone defects,
or poor articular congruence-induced femoral head deformity. Moreover, our patient only had fibrous fusion of the
PAO segment (rather than osseous fusion), which created
concerns that the surgery might exacerbate osteotomy segment instability and cause poor early fixation of the acetabular cup. Therefore, we chose to perform a modified THA to
reacquire stability of her distal iliac osteotomy segment.
There are two possible methods for this procedure. The first
method is exposure of the region between the ilium and acetabular osteotomy segment, and curettage of the pseudoarthrosis region with refixation of the osteotomy segment.
The second method is fixation with an absorbable screw
and bone pegs, without exposing the pseudoarthrosis region,
which we selected for our patient. Although the appropriate
approach remains controversial, we selected the second
method because we observed fibrous fusion of the pseudoarthrosis region and dissection of the affected region can increase surgical stress. Thus, we fixed the PAO mobile bone
segment with one absorbable screw, and two bone pegs
(prepared using autologous and allogeneic bone) were transplanted to achieve bone fusion. We also used drilling to expose the native bone and achieve favorable fixation of the
cup. Cement fixation was used because the distal osteotomy
segment was sclerotic, which precluded bone ingrowth fixation of the acetabular cup. We believe that this technique
was successful as complete bone fusion of the PAO pseudoarthrosis region was observed at 3 years and 6 months
after surgery.
In this case, no loosening of the acetabular cup and
stem was observed at 4.5 years after surgery, and we
successfully treated the patient via modified THA. However, placement of the cemented cup superiorly at a high
hip center can affect the long-term outcome of the case
[9, 10]. Several biomechanical studies have demonstrated
that superolateral placement of the hip center may lead
to increased moments and forces across the hip, however, superior only displacement of the hip center did
not adversely affect the forces about the hip [11]. Therefore, we believe that additional follow-up may be needed
to confirm the long-term outcome of the modified THA.

Conclusions
We successfully used modified THA to treat a patient with
osteoarthritis of the hip and pseudoarthrosis of the PAO
segment; this technique achieved bone fusion of the pseudoarthrosis region and a favorable postoperative outcome.

Page 4 of 4

Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
AK wrote this manuscript and was the corresponding author. MN and MM
supervised the manuscript. TN, AO, KM, HM, TO, HY, and YS participated in
the patients’ therapy and helped to draft the manuscript. All authors read
and approved the final manuscript.
Acknowledgements
We thank Dr Kenichi Ando for helpful comments and suggestions. The authors
extend thanks to the patient for allowing participation in her care and
presentation of her clinical case.
Author details
1
Department of Orthopaedic Surgery, Keio University School of Medicine, 35
Shinanomachi, Shinjuku, Tokyo 160-8582, Japan. 2Department of Orthopaedic
Surgery, Fujita Health University, 1-98 Dengakugakubo, Kutsukake, Toyoake,
Aichi 470-1192, Japan. 3Maehara Surgery, Orthopedic Surgery, Pediatrics, 16-1
Nishinokaido, Ano-cho, Toyoake, Aichi 470-1144, Japan.
Received: 13 April 2015 Accepted: 15 April 2016

References
1. Gala L, Clohisy JC, Beaulé PE. Hip dysplasia in the young adult. J Bone Joint
Surg Am. 2016;98:63–73.
2. Nakamura S, Ninomiya S, Takatori Y, Morimoto S, Umeyama T. Long-term
outcome of rotational acetabular osteotomy: 145 hips followed for 10–23
years. Acta Orthop Scand. 1998;69:259–65.
3. Ninomiya S, Tagawa H. Rotational acetabular osteotomy for the dysplastic
hip. J Bone Joint Surg Am. 1984;66:430–6.
4. Schramm M, Hohmann D, Radespiel-Troger M, Pitto RP. Treatment of the
dysplastic acetabulum with Wagner spherical osteotomy: a study of
patients followed for a minimum of twenty years. J Bone Joint Surg
Am. 2003;85-A:808–14.
5. Yamaguchi J, Hasegawa Y, Kanoh T, Seki T, Kawabe K. Similar survival of
eccentric rotational acetabular osteotomy in patients younger and older
than 50 years. Clin Orthop Relat Res. 2009;467:2630–7.
6. Abdulmonem A. Painless nonunion after triple pelvic osteotomy. Int J
Health Sci (Qassim). 2007;1:287–91.
7. Baque F, Brown A, Matta J. Total hip arthroplasty after periacetabular
osteotomy. Orthopedics. 2009;32:399.
8. Parvizi J, Burmeister H, Ganz R. Previous Bernese periacetabular osteotomy
does not compromise the results of total hip arthroplasty. Clin Orthop Relat
Res. 2004;423:118–22.
9. Delp SL, Maloney W. Effects of hip center location on the momentgenerating capacity of the muscles. J Biomech. 1993;26:485–99.
10. Delp SL, Komattu AV, Wixson RL. Superior displacement of the hip in total
joint replacement: effects of prosthetic neck length, neck-stem angle, and
anteversion angle on the moment-generating capacity of the muscles.
J Orthop Res. 1994;12(6):860–70.
11. Bozic KJ, Freiberg AA, Harris WH. The high hip center. Clin Orthop. Relat Res.
2004;420:101–5.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support

Consent
Written informed consent was obtained from the patient
for publication of this case report and accompanying
images. A copy of the written consent is available for
review by the Editor-in-Chief of this journal.

• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

